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Abstract 
With the conclusion that carbon capture is a viable option to mitigate climate change consequences 
considering t
enforcing the industries and policy makers to focus on CO2 reduction techniques. The exponential 
increase in CO2 in the atmosphere might bring some form of penalties on industries emitting CO2 in large 
volume and credit to facilities reducing the emission through CO2 capture or use of green technology. 
Due to reduction in electrical output when CO2 plant is integrated with power plants, this has been the 
major challenge to deploying the available technology. The integration of Natural gas (NG) power plants 
with water desalination plants is a common practice in UAE and other areas in the GCC region. Thermal 
desalination plants are the major supplier of domestic water in the Gulf region. Therefore, this research is 
vital to the region to evaluate possible integration of NG power plants, thermal desalination and CO2 
capture. The electrical output for the steam cycle shows a reduction by 7.8% constant water production of 
12.38MIGD of distillate and overall reduction of 22.14% on integrating with capture plant. The 
integration shows availability of cooling water which can be used for cooling processes in the capture 
plant. 
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1. Introduction 
With human reliance on energy for survival, the concern about the climate change has been rising 
dramatically. Carbon Dioxide has the highest anthropogenic emission contributing to around 60% to the 
greenhouse effect [1]. Also, electricity generation by coal, oil and natural gas adds to more than 40% of 
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2 emissions [2]. Several techniques have been deployed to reduce this anthropogenic 
emission in which carbon capture is in the front line [3]. Although, improving energy efficiency proves as 
the best way to reduce the environmental impact ,capturing of CO2 for an existing power source plant will 
also go a long way as well. The cost in terms of energy demand for regeneration of solvent has been the 
major challenge to post combustion capture technology [4]. With  the  effect  of  this  mitigation  on  the  
energy  output  and  cost,  integration of Carbon capture plant with natural gas combined cycle and 
desalination co-generation plant will be evaluated in this work. 
 
1.1 Desalination /Multi Stage Flash Distillation 
Desalination process is the major source of domestic water for the Gulf region due to lack of fresh water. 
These processes have grown over the decade using different desalination options ranging from thermal to 
membrane technologies. Desalination of water has grown to 8.9 million cubic meters per day [5]. 
Thermal desalination such as Multi Effect Distillation (MED), Vapour Compression Distillation (VCD) 
and Multi Stage Flash Distillation (MSF) are the major technologies in GCC countries. The operating 
conditions of these salt separation technique differs from one another. The commonly used type of 
thermal desalination process in United Arab Emirates (UAE) and the gulf region is MSF due to reliability 
and maturity of the technology. In comparison with other desalination process, MSF produces water of 
higher quality at high salinity of the sea water. Additionally, MSF plants are considered simple in terms 
of construction and have lower cost of maintenance because of the small number of connection tubes. The 
thermal energy condition for MSF makes it suitable for integration with low pressure steam from power 
plant.  
The basic principle of MSF is about boiling sea water and use the condensed generated vapour to produce 
distilled water where it passes through the process of disinfection, PH treatment and hardness in order to 
make it applicable for drinking [6].  
 
1.2  Post combustion capture  
Post combustion capture using monoethanolamine (MEA) at 30% weight is considered the most mature 
CO2 capture technology. MEA is the most used solvent because the fast rate of chemical reaction and 
apart from this, it has low density and viscosity. However, the high energy high energy demand for the 
regeneration and degradation of the solvent  are 
the major setback of this technology .The energy requirement as at present is within the range of 3.8-
4.2GJ/tonne of CO2 [7] which has a significant impact on the energy output of the power plant. 
 
1.3  Natural Gas Combined Cycle  
Natural gas combined cycle (NGCC) is the most efficient power generation plant in the region. 
Compressed air is passed through the combustion chamber where it mixes with natural gas. The natural 
gas is burned in the combustor. The gas is expanded in the multiple stages gas turbine and power is 
transmitted to the electrical generators. The exhaust heat is recovered by the heat recovery steam 
generator (HRSG) and the thermal energy is used in driving the High Pressure Turbine (HPT), 
Intermediate Pressure Turbine (IPT) as well as the low Pressure Turbine (LPT).The low pressure steam 
generated in the low pressure turbine could be used as the heating medium for the amine regeneration in 
the CO2 capture plant as well as for the thermal desalination. 
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2. Objectives
Develop a carbon capture integration process with and NGCC desalination power plant.
Evaluate the performances of both plants on integration with CO2 capture plant.
Provide an analysis for the quantity and quality of steam required for CO2 rich solvent regeneration 
and for the desalination process
3. Process description
A case study of NGCC power plant with electrical output of 737MW was used as a base for this case
study [8]. The power plant has two gas turbines with electrical output of 260MW each, and two eat
Recovery Steam Generators (HRSG) connected to a High Pressure Turbine (HPT), Intermediate Pressure
Turbine (IPT) and the Low Pressure Turbine (LPT). The electrical output of the Rankin Cycle with HPT 
equals 50.24MW, the IPT is 85MW and the LPT is 82MW.
For the scope of the work, the evaluation was based on identifying three different scenarios as followed:
Integration of NGCC power plant with desalination plant and no capture
Availability of steam extraction for both the desalination and the capture plants from two different 
source points.
Possibility of adding another source of steam.
Figure shows the schematic process flow diagram designed for the NGCC co-generated with the
desalination and capture plant. The graph shows the points of stream extraction for every scenario.
4. Thermodynamic analysis of the processes
The first law for thermodynamics was used for the process analysis and evaluation
(1)
For the HPT and IPT;       
(2)
For LPT;
(3)
Where:
Ek is work power received by the system at the machine level 
Ea is work power received at atmospheric condition
Qi is the heat power from thermal source
Qa is the power from atmosphere.
Ep is the electrical output 
H is the enthalpy 
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is the mass flow rate
The thermodynamics equations where used to calculate the electrical output for each turbines. Equation 2 
was used in calculating the power output of the HPT and IPT while equation 3 was used for the LPT
Figure 1: NGCC combined cycle without desalination and capture plant
Figure 2: NGCC integrated with desalination and capture plant
5. Results and discussion
The thermodynamic analysis of the steam cycle gives us the details of electrical power output from the
steam cycle, as shown in Table 1
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Table 1. 
Table 1: Thermodynamic analysis of Steam turbines 
 
streams Pressure (Kpa) 
Temperature 
(°C) 
Enthalpy 
(KJ/Kg) Quality 
Flow Rate 
(kg/s) 
1 12750 552 3477.8 Superheated 78.7 
2 12500 550 3476 superheated 158.1 
3 3185 347.5 3103.7 superheated 154.5 
4 3033 345 3102.1 superheated 76.5 
6 2700 560 3594.4 superheated 177.7389 
9 529 288 3038.1 superheated 201.8 
10 12500 550 3480.4 superheated 2.1 
12 5 32.9 2560.5 1 201.6 
13 5 32.9 137.7 0 201.8 
 
5.1  Scenario 1: Integration of NGCC power plant with Desalination plant. 
 
For this scenario, the MSF desalination plant was integrated with the power plant at the operating 
conditions of top brine temperature (TBT) of 110°C and pressure of 1.98bar. Due to unsuitable conditions 
of stream 9 for the desalination plant, stream 9 in Figure 1was expanded through the turbine and extracted 
at these conditions (120°C, 1.985bar) for the desalination. Table 2 shows the changes in the conditions of 
the streams after integration with the desalination plant. The changes in stream conditions for desalination 
in Figure 12 are stream 10 for the steam input into the brine heater and stream 11 for the condensate.  
Table 2: Thermodynamic analysis of the desalination integrated with the steam turbines 
 
streams Pressure (Kpa) 
Temperature 
(°C) 
Enthalpy 
(KJ/Kg) Quality 
Flow Rate 
(kg/s) 
9 350 277 3020.6 superheated 183.69 
10 198.5 120 2706.2 1 80.28 
11 198.5 120 503.8 0 80.278 
12 5 32.9 2560.5 1 103.22 
13 5 32.9 137.7 0 103.22 
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The electrical energy output for the steam cycle was reduced by 7.8% (217MW to 200MW) when the 
desalination plant was integrated. This gives a gross total output of 720MW compared to 737MW for the 
base case (desalination and capture plant).  The distillate produced was 12.38MIGD of water using the 
state of the art technology producing 0.07MIGD per MW of input thermal energy [3]. The volume of 
water produced was a typical production from the desalination plant within the region. 
 
5.2 Scenario2: Steam extraction for both the desalination and the capture plan from two different 
source points. 
 
For this scenario, the CO2 capture plant was integrated with the power plant and the desalination plant. 
Aspen plus simulation software was used to design the capture for 90% CO2 from the flue gas using the 
conventional MEA-based capture process. Steam was further extracted from stream 9 in Figure 12 with 
temperature of 277°C and pressure of 3.5bar as shown in Table 3. Stream 9 was further mixed stream 28 
to meet up with the steam conditions of 138°C and 3.5bar for the capture plant. The thermodynamic 
analysis for this scenario is shown in Table 3. 
Table 3: Integration of CO2 with desalination and steam turbines 
 
streams Pressure (Kpa) 
Temperature 
(°C) 
Enthalpy 
(KJ/Kg) Quality 
Flow Rate 
(kg/s) 
9 350 277 3020.6 superheated 183.69 
10 198.5 120 2706.2 1 80.278 
11 198.5 120 503.8 0 80.278 
12 5 32.9 2560.5 1 103.22 
13 5 32.9 137.7 0 103.22 
25 12500 550 3480.4 superheat 2.1 
26 324 136 2728.8 1 115.58 
 
 
Due to energy intensive nature of CO2 capture process, the electrical energy output of the power plant 
was further reduced. The capture plant consumes 31.05MW electrical energy for the 90% capture thereby 
reducing the electrical out to 168.95MW. The capture plant consumes 65% of total energy (48.05MW) 
used by both the capture and the desalination plant.  
 
5.3 Scenario3: Possibility of adding another source of steam 
In order to reduce the effect on the efficiency of the power plant in terms of the output power, the study 
looked at the availability of another sources for steam extraction. For such evaluation, conditions such as 
temperature, pressure and availability of flow rates were evaluated. One suitable option was the 
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condensate stream from the capture plant which would have served as a suitable steam source for the 
desalination process in terms of temperature and pressure.  However the enthalpy of the condensate was 
581JK/Kg which is very low compared to the enthalpy required for the desalination at 110°C which is at 
2692 KJ/KG. This indicates that the condition of this condensate is not applicable to meet the required 
conditions of the steam phase for the desalination feed.  
 
6. Conclusion 
Most of the power plants integrated with desalination plant are designed to optimize the steam cycle 
thereby making it difficult to get thermal energy that is required for the capture. Though the steam 
conditions for both capture and desalination plant are close in terms of temperature and pressure, using 
the same stream for the capture will have a great reduction in the production of water. The output power 
output dropped to 93.5% (737MW to 689MW) on integrating with desalination which consumes 17MW 
and the CO2 capture plant which consumes 31.05MW. In order to obtain an optimised integration and 
reduce the overall effect on the power plant, there should be a reduction in term of the amount of water 
produced in addition to the percentage of capture. The advantage of this whole process is the availability 
of cooling water. The rejected brine can be used for the cooling stages in the capture process. A 
recommendation for future work is to look at different scenarios of capture percentages in parallel to the 
different amounts of produced water in order to identify the best scenario of integration at specific values 
of capture and water production of 12.38MGID.  
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